Summary. Spermatozoa of bull, ram, boar, stallion and chinchilla were examined in the electron microscope before and after freezing of samples of semen in liquid nitrogen. The results showed that the ultrastructure of bull spermatozoa was almost identical before and after treatment, but ram and chinchilla spermatozoa showed consistent damage to the outer membrane and acrosome complex. In the ram, damage ranged from slight swelling of the acrosome to total removal of the cytoplasmic regions and most chinchilla spermatozoa were grossly affected. The spermatozoa of boar presented special difficulties at the fixation stage but gross damage to the acrosome was seen. There appeared to be minimal damage to the stallion spermatozoa, although only one sample of this species was examined.
INTRODUCTION
Following the observations on fowl semen by Polge, Smith & Parkes (1949) of the protective action of glycerol against the deleterious effect of freezing, numerous attempts have been made to preserve the spermatozoa of mammals and light microscope observations on cold damage to spermatozoa are well known (Buttle, Hancock & Purser, 1965) especially in the large domestic mammals. Among these species, successful preservation, as measured by a high conception rate following artificial insemination, has been obtained in the cow in which the use of frozen semen has become standard agricultural practice.
The techniques currently used for the freezing of bull semen are similar to those described by Polge & Jakobsen (1959) and Stewart (1961) . When applied to the semen of other species they are much less satisfactory and, to date, all modifications have yielded little improvement to their efficacy. Some success has been achieved with the ram and although the motility rate ofthe spermatozoa after freezing may reach 50%, fertilizing power is low (Emmens, 1962) . Niwa, Garrits & Graham (1962) obtained 70% motility after thawing epididymal boar spermatozoa frozen in 7% glycerol, and Bader (1964) , using glucose solution, reported a motility of 30% after thawing in this species, but no conceptions have been recorded in sows inseminated with frozen semen. Zmurin (1961) reported some success with the horse (seven pregnancies in seventeen mares) and later, (Smith, 1961 Bhargava (1963) produced evidence that the acrosome of the bull spermatozoon is removed after storage at 0e C and subsequent re-warming, but it may be that the total removal and damage seen with the light microscope is the result of disintegration of the spermatozoon following perhaps even minor damage caused during the freezing process.
The introduction of modern methods of embedding and sectioning for the electron microscope has led to many studies on the normal ultrastructure of the mammalian spermatozoon (see Fawcett, 1958 Fawcett, , 1965 Hancock, 1966 (Fawcett, 1965) , rabbits (Hadek, 1963; Bedford, 1964) and in various species by Nicander & Bane (1966) .
As far as can be determined, no studies have been reported on the ultrastructure of spermatozoa of domestic animals after freezing. The present work was prompted by the failure in this Institute to preserve satisfactorily the semen of some of the rare breeds of British sheep and several exotic species (Sadleir, 1966) Reynolds (1963) . The grids were examined in an A.E.I. EM6B electron microscope, more than 100 different spermatozoa of each sample being studied. The ultrastructural appearance of the head of the ejaculated spermatozoon is very similar to that described by Nicander & Bane (1966) although they do not state whether they are referring to ejaculated or epididymal spermatozoa or both.
In sagittal sections through the heads of two freshly ejaculated bull sperma¬ tozoa (PL 1, Fig. 1 ), the outer membrane is seen to be loosely attached in the region of the acrosome and to be in closer association with the head posterior to the acrosome cap termination, as described for the bat (Fawcett & Ito, 1965) . The acrosome extends posteriorly to cover two-thirds of the nucleus ; it is quite small and is seen on the ventral side of the head and contains an area of greater density which appears to be a concentration of the normally homogeneous content. The nucleus has a rather mottled appearance and is wedge-shaped in sagittal section, tapering towards the anterior end. The nucleus is separated from the acrosome by a substance of lower density which protrudes into the acrosome. This subacrosomal substance, described by Fawcett & Ito (1965) and Nicander & Bane (1966) , corresponds to the structure commonly referred to as the perforatorium (Hancock, 1966) , but the former term is preferred because of the functional implications of the latter.
Plate 1, Fig. 2 Fig. 4) , although there appears to be no disruption of the outer membrane at this stage. The dense area in the acrosome has become more prominent, the acrosome content more granular and the nuclear material has lost its mottled appearance and is now homogeneous. A large number of spermatozoa showed almost total loss of the acrosome (PI. 2, Fig. 5) Nicander & Bane (1962 Fig. 9 ). As in the bull, all features seem to be retained.
Chinchilla (PL 4,  Figs. 10 and 11) The ultrastructure of the chinchilla spermatozoon follows the pattern typical of rodent spermatozoa (Fawcett, 1965) in having a very large acrosome which appears very broad and curved in sagittal section (PL 4,  Fig. 10 ). The outer membrane readily becomes detached in the region of the acrosome and is convoluted over the whole of this area and at the posterior part of the head, although in this region the membranes appear to be more firmly attached. The nucleus is floccular in appearance although thick sections or dense lead-staining result in a more homogeneous appearance. Subacrosomal substance surrounds the nucleus and protrudes anteriorly into the acrosome.
Plate 4, Fig. 11 shows the heads of two spermatozoa after freezing. The acrosome and outer membranes are almost totally destroyed and remnants of the membranes are seen as vesicles in the surrounding medium. The remaining acrosome content appears granular and the nuclear material has completely coagulated. Posterior to the acrosome termination (arrowed) there is less apparent damage to the cytoplasm.
DISCUSSION
While recognizing that post mortem changes can occur in spermatozoa (Hancock, 1952) , such changes were not considered relevant in the present paper since the object was to detect in living spermatozoa (as determined by motility observed with the light microscope) the time, type and degree of damage consistently occurring during the various treatments. It is obviously significant that the ultrastructure of the frozen bull spermatozoon remains apparently identical to its fresh counterpart and that freezing and thawing procedures have little effect on the fertilizing capacity of such spermatozoa.
In the fresh state, ram, boar and stallion spermatozoa were shown to be very similar in appearance to those of the bull and, as the results of the preservation treatment, drastic effects were produced on the acrosome of the ram and boar. (Lovelock, 1953; Farrant, 1965) . Some preliminary work on epididymal ram spermatozoa shows that, unlike earlier light microscope observations, the preservation damage to the spermatozoon is less than that observed for ejaculat¬ ed samples, even when the account by Saacke & Almquist (1964) 
